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MULtlPLE PASS OPTICAL SYSTEM 

The present invention relates to a multiple pass optical system 
and particularly but not exclusively to a multi-pass laser amplifier. 

5 There a number of situations in which it is desirable to pass a 

beam of light, be it ultraviolet, optical or infrared, through a given device 
many times and by so doing greatly reduce the cost of the system and 
increase the space efficiency. In order to do so, however, any tendency for 
the beam oh different passes to become coupled must be minimised. 

10 Known multi-pass optical systems generally rely on multiple mirrors requiring 
very careful alignment and are consequently costly, highly complex, permit 
only narrow bandwidth operation and can be unreliable as a result of the 
system sensitivity to alignment of the many optical elements. 

The present invention seeks to overcome the disadvantages 

15 with known systems and to provide a simple but effective multiple pass 

optical system capable of operating with both narrow and broad bandwidths. 

The present invention provides a multiple pass optical system 
comprising an opposing pair of reflective optical elements and first and 
second refractive optical elements located between the reflective optical 

20 elements and arranged to direct a beam of light along at least two paths 
having a common point of intersection, each of the paths describing a 
different azimuth angle with respect to a plane of symmetry containing the 
axis of the optical system. 

In this way, with the present invention a beam of light may 

25 pass repeatedly through the same spatial point in the optical system along 
various paths with the light following any one of the paths remaining 
substantially uncoupled from the light following any other of the paths. 
Preferably, an amplifier is provided at the common point of intersection. 
Also the amplifier may be endpumped by directing pump beams along the 

30 optical axis from either end of the system. 
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Ideally, the reflective optical elements are plane mirrors 
positioned substantially perpendicular to the optical axis of the system. 
Also, preferably the refractive optical elements are double biprism devices. 

Embodiments of the present invention will now be described by 
5 way of example with reference to the accompanying drawings, in which: 
Figure 1 is a schematic diagram of a multiple pass optical 
system in accordance with the present invention; 

Figure 2 is a perspective beam diagram for an eight pass 
amplifier in accordance with the present invention; and 
io Figure 3 shows in section the eight pass amplifier of Figure 2. 

The multiple pass optical system shown in Figure 1 includes 
only two reflecting optical elements 10, 11 at opposing ends of the system. 
No additional reflecting optical elements are required. The reflecting optical 
elements 10, 11, which preferably are plane mirrors, are parallel to one 
15 another and normal to the axis X of the system. The multiple pass optical 
system also includes two refractive optical elements 12, 13 located between 
the two minors 10, 1 1 and either side of a common point of intersection Z of 
the beam path through the system. The two optical elements 12, 13 are 
purely refractive, have no optical power and are based on the biprism. 
20 Where the optical system is being used in combination with an amplifier 14, 
the amplifier 14 is positioned at the point of intersection Z of the beam paths. 

The refractive optical elements 12, 13 or biprism elements 
determine the beam path through the optical system and hence the number 
of passes through the point of intersection Z between the input and output of 
25 the optical system. The biprism elements 12, 13 are arranged so that the 
beam path does not pass through the axis X of the optical system except at 
the common point of intersection Z. 

In Figure 2 the beam path through an eight pass amplifier is 
shown. To achieve eight passes through the point of intersection Z, each of 
30 the refractive optical elements 12, 13 is a double biprism. The double 
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biprism consists of an orthogonal pair of biprisms having equal angles. The 
pair of biprisms may be made as a low aspect-ratio pyramid, as two biprisms 
on opposite faces of the optical element or as four half size biprisms. The 
double biprisms are positioned either side of the point of intersection Z, 
5 within the two mirrors 10, 11, and are mutually orientated azimuthally at 45°. 

A beam In which enters the optical system and passes through 
the point of intersection Z, at which an amplifier 14 is located, meets the first 
of the double biprisms 12 at a point H on the double biprism. The beam is 
refracted by the double biprism 12 and is then reflected by the plane mirror 
10 10 to point A which is in the next quadrant of the double biprism 12 but is 
equidistant from the axis X. The beam is again refracted and passes 
through the amplifier 14 to an equivalent point A on the second of the 
double biprisms 13. A similar route is now followed by the beam via the 
plane mirror 1 1, to a point B in an adjacent quadrant of the second of the 
double biprisms 13 and thence via the amplifier to a point B marked in 
dotted lines on the first of the double biprisms 12 at an orientation of 90° to 
point H. This beam path continues in the same manner until after eight 
passes through the amplifier 14 the beam arrives at a position from which 
further refraction and reflection would result in the beam rejoining the 
original path to point H on the first double biprism 12. 

All of the paths followed by the beam between the double 
biprisms 12, 13 and the point of intersection Z are at a fixed angle to the 
optical axis X of the system and in consequence the paths lie on the surface 
of a cone the apex of which is the intersection Z. The points of intersection 
of the beam with each of the double biprisms describe the apexes of an 
octagon. 

The input beam In and the output beam Out are introduced 
into and emerged from the optical system respectively via a corridor 15 
through the second of the double biprisms 13. In its simplest form the 
corridor 15 is provided by removing an edge portion from the double biprism 
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13. The resultant output beam is substantially decoupled from the input 
beam. In Figures 2 and 3 the input and output beams In, Out are shown 
reflected off one of the end mirrors 11. 

By appropriate selection of the refractive optical elements 12, 
5 13 different numbers of passes through the optical system may be achieved. 
For example, for a sixteen pass system, each refractive optical element 
consists of two double biprisms with all equal angles, mutually orientated at 
45°. Each pair of double biprisms has a relative orientation of 22.5°. The 
numbers of passes in each case may also be doubled by retroreflection. 
io With the optical system described the alignment of the two end 

mirrors is straightforward and the only critical adjustment is the tilt of the 
mirrors. It will be apparent that the number of optical elements has been 
reduced in comparison to conventional systems and the number of mirrors, 
in particular, minimised. This enables a more efficient use of space and 
maximises the bandwidth with which the system can be operated. 
Furthermore the optical system may be operated over a broad range of 
beam widths. 

In addition, unlike known systems, the beam path through the 
optical system at no time extends along the axis X and only intersects the 
axis at the common point of intersection Z. This means that an amplifier 
located at the point of intersection Z can be pumped 16 from both ends 
through central holes provided in the optical elements of the system, as 
shown in Figures 2 and 3. 

in Figure 3 a titanium sapphire amplifier 14 is positioned at the 
point of intersection Z of the beam path. Each ray in this diagram 
represents two routes between the optical elements and the amplifier 14. 
The pump beams 16 for the amplifier are shown along the axis of the optical 
system. Unlike other known systems this optical system may also be used 
with flashpumped amplifiers such as a Ndrglass amplifier as well as laser 
pumped amplifiers like the Ti:sapphire amplifier mentioned above. 
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Alternative arrangements of the optical system and in 
particular different optical elements are envisaged. For, example, instead of 
biprisms programmable refractive arrays may be employed and/or 
alternative refractive elements. In all cases, however, the optical elements 
5 are arranged so that the beam paths in different passes are angularly 
multiplexed and spatially overlapped in one plane. 
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CLAIMS 

1 • A multiple pass optical system comprising an opposing pair of 

reflective optical elements and first and second refractive optical elements 
located between the reflective optical elements and arranged to direct a 
beam of light along at least two paths having a common point of 
intersection, each of the paths describing a different azimuth angle with 
respect to a plane of symmetry containing the axis of the optical system. 
2. A multiple pass optical system comprising first and second 

refractive optical elements positioned either side of a common point of 
intersection of beam paths and only two reflective optical elements located 
outside of the first and second refractive optical elements and opposing 
each other, each of the refractive optical elements having a plurality of 
refractive sectors with each sector defining in combination with one of the 
reflective optical elements a respective beam path, with the beam paths of 
all the sectors of each of the refractive optical elements lying on the surface 
of a cone the apex of which is the common point of intersection. 
3 - A multiple pass optical system as claimed in either of claims 1 

or 2, wherein the reflective optical elements are plane mirrors arranged 
normal to the optical axis of the system. 

4. A multiple pass optical system as claimed in any one of claims 

1 to 3, wherein the first and second refractive optical elements are purely 
refractive. 

5- A multiple pass optical system as claimed in claim 4, wherein 

the first and second refractive optical elements are first and second biprism 
elements. 

6. A multiple pass optical system as claimed in claim 5, wherein 

each of the first and second biprism elements comprises an orthogonal pair 
of biprisms having equal angles, with the first and second biprism elements 
being mutually orientated azimuthally at 45° thereby defining eight 
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substantially uncoupled beam path passes through the system. 
7. A multiple pass optical system as claimed in any one of claims 

1 to 6, wherein there is further provided an output corridor through the 
second refractive optical element in the form of a cut away portion. 
5 8. A multiple pass optical system as claimed in any one of claims 

1 to 7, wherein there is further provided an amplifier at the common point of 
intersection. 

9. A multiple pass optical system as claimed in claim 8, wherein 

apertures are provided in the reflective optical elements and the refractive 
10 optical elements along the optical axis of the system whereby pump beams 
may be directed along the optical axis of the system to the amplifier. 
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